Abstract
Introduction
In Yao and Emmet (1962) . Burge concluded that the reaction mechanism followed a reaction pathway similar to that proposed by Haber 11898) for the electrochemical reduction of nitrobenzene. Collins et al. (1982) reported that the reaction pathway of the reduction of nitrobenzene also obeyed Haber's scheme when nickel boride was used as a catalyst.
The maximum amounts of azoxy-and of azobenzene which builded up during the reaction were found to be negligable. Bird and Thompson (1980) have been identified as 4-hydroxylamino-2-nitro-toluene (2-N-O-HAT) and 2-amino-a-hydroxylamino-toluene (2-A-Q-HAT) by means of GC-MS analysis. Note that the hydroxylamines are formed at the para-position only and that an ortho-nitrogroup is converted directly to an aminogroup.
The concentrations of 2-A-Q-HAT were found to be so low that the pressure of this compound has been neglected. A plot of the hydrogen conversion as a function of the reaction time during a typical hydrogenation of DNT at 308 K is presented in Fig. 1 . In Fig. 2 the concentrations of the major compounds are plotted veraus the hydrogen conversion.
In Fig. 2 also the reaction pathway can be observed. At first DNT is converted in two parallel reactions into 2-A-Q-NT and 2N-4HAT. The COnSeCUtiVf? reactions do not start before almost all of the DNT has been consumed. This is known as molecular queueing and can be explained in terms of a competitive adsorption of the reacting species on the catalyst surface.
Once all of the DNT has been consumed the 2-N-a-HAT is converted into the amine 4-A-2-NT which subsequently reacts to DAT, while in the parallel pathway simultaneously the 2-A-b-NT is converted to DAT. In Fig. 1 A series of catalytic hydrogenation experiments has been carried out in a mini-installation with a three-phase slurry reactor using an evaporating solvent to control the temperature. In Fig. 3 
The HPR is calculated on the assumption that the heat liberated by the reaction is directly proportional to the rate of hydrogen conversion in the reactor: HPR = Qv,lcAo~H2(-AHR)
For the HWR three contributions have been distinguished: 1)
2) the heat absorbed by the cold feed streams of-the reactant solution, the catalyst slurry and the hydrogen gas: HNR,f= Qv,feed(PCp)l(T-Tfeed) l '~,cat(P~p)l(~-~cat) the heat absorbed by evaporation of the solvent.
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We assume that the gas and the liquid in the reactor are at equilibrium. The vapour stream that leaves the reactor has the same composition as the gas-phase in the reactor and consists of hydrogen, methanol and reaction water. It is related to QH_o,,+, by:
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The denominator of this equation represents the hydrogen pressure in the reactor. the heat absorbed by the condensate returned to the reactor. We assume complete condensation of the vapour in the condenser, so we write:
In Fig. 4 the results of model calculations of the hydrogenation of TNT are presented for a typical set of operating conditions. In Fig. 4a the HPR and HWR and in Fig. 4b The reactor works at a stationary operating point when the stability criteria HWR-HPR and 6HWR/6T > &HPR/bT are fullfilled. In Fig. 4a multiplicity occurs at the feed temperatures of the a and b curves. In Fig. 4b 1. the reactor is adiabatic and isobaric, 2. the gas phase is in -describe the the following equilibrium with the liquid phase when it enters the catalyst bed, 3. the gas and the liquid feed temperature are equal, 3. there are no mass transfer limitations, 2. the temperature in all three phases is uniform in a plane perpendicular to the direction of flow, 6. there are no concentration profiles in the radial direction, 1. the reactants are not volatile, S. there is no heat conduction in the axial direction, 2. the gas phase is ideal. 10. the contribution of the reactants to the specific heat and the molar weight of the liquid phasecan be neglected, 11. the available catalyst area is fully wetted and utilised, 12. a mass transfer rate equation is used to describe the evaporation of the solvent.
The partialpressure of the solvent at the gas-liquid interphase is equal to the vapour pressure of the solvent.
The gas-liquid equilibrium at the entrance of the catalyst bed is achieved by assuming that the gas and the liquid feed flow through an adiabatic mixer in which this equilibrium is reached before entering the catalyst bed. Since some evaporation will occur in the mixer, the temperature at the entrance of the catalyst bed will be lower then the feed temperature. 
